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Description 



BACKGROUND OF THE INVENTION 



5 Field of Ihe Invention 

[0001] The present invention relates to an information recording method for recording information in a recording 
medium having a recording layer which can reversibly achieve a crystal phase and an amorphous stale by irradiating 
the recording layer with a multi-pulse laser light train emitted from a light source, and an optical recording medium for 
10 the information recording method. 

Discussion of the Background 

[0002] Along with the popularization of multimedia, playback-only optical recording media (hereinafter sometimes 
15 referred to as media) such as audio CDs and CD-ROMs and information reproduction apparatus have been developed 
and practically used. Recently, not only recordable optical discs using a dye medium and rewritable magnelooptic discs 
(MOs) using a magnetooptic medium, but also phase change type media attract attention. 

[0003] Such phase change type media includes a material having a phase change property of reversibly achieving 
a crystal phase and an amorphous slate and information is recorded therein utilizing the properly. Informalion can be 
20 recorded in the phase change type media and the recorded information can be reproduced, using only laser light 
emitted from a laser diode (i.e., without using an external magnetic field), which is needed for recording Information in 
MOs. In addition, it is possible to perform overwriting in which information can be recorded while erasing previously 
recorded information using laser light at the same time. 

[0004] A typical wavefomn of recording laser light pulses for use in recording information in a phase change recording 
25 medium is the waveform of single pulse laser light emitted by a laser diode which is illustrated in Fig. 1 7 and which Is 
generated according to, for example, an Eight Fourteen Modulation code (I.e., EFM). As can be understood from the 
waveform illustrated Fig. 17, the recording power PWA is set so as to be higher than the read power PR. When a pulse 
having such a waveform is applied to a phase change recording medium, problems such that the resultant recording 
mark deforms like a tear drop, and marks having a low reflectance against laser light cannot be obtained because the 
30 irradiated portion of the recording layer achieves an incomplete amorphous state due to slow cooling speed of the 
recorded mark. 

[0005] In attempting to solve such problems, an information recording method which is illustrated in Fig. 18 is pro- 
posed for recording infomnation in a phase change recording medium. In the method, as illustrated in Fig. 18, a mark 
is formed on a phase change recording medium by irradiating the recording medium with laser light which has a multi- 

35 pulse emission waveform and multilevel recording powers and which is generated according to an EFM code. 

[0006] When a mark is recorded in a phase change recording medium using the multi-pulse laser light train, the 
corresponding portion of the multi-pulse laser light is constituted of a first heating pulse A by which the recording layer 
of the recording medium is preliminarily heated so as to be heated to a temperature not lower than the melting point 
thereof, plural heating pulses B which follow the first heating pulse A and by which the recording layer is further heated, 

40 plural cooling pulses which are located between the first heating pulse A and the top of the heating pulses B and 
between the heating pulses B, and a last cooling pulse C. In the method, the following relationship is satisfied: 

PWB ^ PWA ^ PWC = PR 

45 

wherein PWB represents the emission power of the heating pulse B, PWA represents the emission power of the first 
heating pulse A, PWC represents the emission power of the cooling pulse C and PR represents the read power. 
[0007] When erasing a mark previously formed in a phase change recording medium using the multi-pulse laser light 
train, the corresponding portion of the multi-pulse laser light train is constituted of an erase pulse D. The emission 
so power PED of the erase pulse D is set so as to satisfy the following relationship: 

PWC < PED < PWA. 

55 When this recording method Is used, the mark area of the recording layer achieves an amorphous state because the 
heated area is rapidly cooled, and the space area achieves a crystal state because the area is heated and then gradually 
cooled without forcible cooling. Thus, the recording medium has a large reflectance difference between the mark (i.e., 
the area in an amorphous state) and space (i.e., the area in a crystal state). 
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[0008] The melhods for recording information in an optical recording media are classified into a mark position re- 
cording method (i.e., Pulse Position Modulation, PPM) and a mark edge recording method (i.e.. Pulse Width Modulation, 
PWM). Recently, the mark edge recording method is typically used because of being able to be used for high density 
recording. When information is recorded in a phase change recording medium by a mark edge recording method, the 
5 heating pulse typically has a pulse width of 0.5T and the cooling pulse also has a pulse width of 0.5T wherein T 
represents a record channel clock cycle. 

[0009] Namely, information is recorded in a phase change recording medium using laser tight having a multi-pulse 
emission waveform in which a pair of a heating pulse and a cooling pulse is added whenever the mark length (i.e., 
mark data length) of recording data increases by 1T. Fig. 19 illustrates a typical example of the recording waveform, 
10 When high speed recording is performed using this method, the record channel clock (T) is highly frequented at the 
same rate as that of the linear recording speed, for example, at a rate of twice or Jour times, without changing the 
record waveform. 

[0010] However, as the recording speed increases, the width of the heating pulse and cooling pulse seriously de- 
creases, and thereby it becomes impossible to heat the recording layer so as to reach the heating temperature (i.e., 
15 the amorphous temperature) and the cooling temperature (i.e., the crystal temperature), at which the recording layer 
can change the phase, resulting in formation of incomplete marks. Thus, a problem in that the mark does not have a 
predetermined mark length occurs. 

[0011] In attempting to solve the problem, Unexamined Japanese Patent Application No. (hereinafter referred to as 
JP-A) 9-134525 discloses an information recording method in which a recording mark having a desired mark length is 

^ recorded in a recording layer at a high speed by heating and cooling the recording layer for a time enough to sufficiently 
heat and cool the recording layer without driving a light source driver at a high speed. Specifically the recording method 
is such that a light source irradiates a phase change recording layer with a first heating pulse followed by plural rear 
heating pulses, plural rear cooling pulses which are emitted between the first heating pulse and the top of the rear 
heating pulses and between the plural rear heating pulses, and a last cooling pulse to record a mark therein, wherein 

25 when data having a mark length of nT (n is odd or even numbers, and T represents a record channel clock cycle) are 
recorded, the pulse width of the rear heating pulses and rear cooling pulses is substantially the same as the record 
channel clock cycle. 

[0012] In addition, an optical recording medium which has a GeSbTe recording layer and in which information can 
be recorded in the recording layer at a speed 4,8 times the recording speed of DVD using the information recording 

30 method disclosed in JP-A 9-134525 is disclosed in Optical Data Storage (ODS) 2000 Technical Digest (pp. 135 - 143). 
[0013] However when information is repeatedly recorded In a melt-erase mode in the optical recording medium 
disclosed in ODS 2000 Technical Digest at a speed 4.8 times the DVD speed (i.e., at a speed of 16.8 m/s) using the 
infomnation recording method disclosed in JP-A 9-134525, the space area of the recording medium does not perfectly 
achieve a crystallization state (i.e., a part of the space area maintains the amorphous state) because the crystallization 

35 speed of the recording medium is not fast enough to match the recording speed, i.e., the recording medium has poor 
repeat recording properties. 

[0014] In attempting to solve the problem (i.e., to avoid amorphism of an space area), ODS 2000 Technical Digest 
discloses a method in which recording is repeatedly performed while the erasing power Pe is decreased to a power 
such that the recording layer is not fused. However, the recording properties of the information recorded by the method 
are inferior to those of the information recorded in a melt-erase mode. 



SUMMARY OF THE INVENTION 



[001 5] Accordingly, an object of the present Invention is to provide an optical recording medium in which information 
45 can be repeatedly recorded in a melt-erase mode at a speed four to five times that of the DVD-ROM playback speed 
(I.e., at a speed of from 14 to 17.5 m/s) and at a recording density equal to or higher than the DVD-ROM recording 

density. 

[0016] Another object of the present invention is to provide an infomnation recording method by which information 
can be recorded in the optical recording medium at a high speed while the recorded information has good recording 
50 properties. 

[001 7] To achieve such objects, the present invention contemplates the provision of an information recording method 
including: 



Irradiating a phase-change recording layer of an optical recording medium with either a multi-pulse laser light train 
having a recording power of Pw or laser light having an erasing power Pe to allow the phase change recording 
layer to reversibly achieve a crystal state and an amorphous state, thereby recording a mark having a length nT 
in the recording layer. 
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wherein n is an integer of from 3 to 14 and T represents a clock cycle, 

wherein the multi-pulse train has a constitution such thai a heating pulse and a cooling pulse are alternated, 

wherein the number of heating pulses and the number of cooling pulses each increases by one when n increases by 

two, and wherein when n is from 6 to 14. a last heating pulse has a pulse width of from 0.5T to 0.9T and a last cooling 
5 pulse has a pulse width of from 0.7T to 1 .5T. 

[0018] It is preferable that a first healing pulse has a pulse width of from 0.7T to 1 .3T and a rear heating pulse, which 

is located between the first heating pulse and the last heating pulse, has a pulse width of from 0.8T to 1 AT. 

[0019] When n is 3, it is preferable that the first heating pulse has a width of from 0.8T to 1 .4T and the last cooling 

pulse has a width of from 1 . 1 T to 1 .9T 
10 [0020] When n is 4. it is preferable that the first heating pulse has a width of from 0.6T to 1 .4T, the last heating pulse 

has a width of from 0.1T to 0.8T and the last cooling pulse has a width of from 0.8T to 1.7T. 

[0021] When n is 5, it is preferable that the first heating pulse has a width of from 0.5T to 1 .6T, the last heating pulse 
has a width of from 0.6T to 1 .2T and the last cooling pulse has a width of from 0.7T to 1 .6T 
[0022] The ratio (Pe/Pw) of the erasing power (Re) to the recording power (Pw) is preferably from 0.4 to 0.7. 
15 [0023] In addition, it is preferable that the recording layer has a formula of GeaGaliSbyTelOO-a-li-Y, wherein a is a 
number of from 1 to 5 in units of atomic percent, p is a number of from 1 to 5 in units of atomic percent, and 7 is a 
number of from 70 to 81 in units of atomic percent. 

[0024] Further, it is preferable that the upper limit of the recrystallizailon linear speed, below which the recording 
layer heated by the laser light having a power of Pe recrystallizes is from 14 m/s lo 20 m/s. 
20 [0025] Furthermore, it is preferable that the recording layer has such a property as to crystallize at a temperature of 
from 160 to 210 "C when heated at a heating speed of 10 "C/min. 

[0026] As another aspect of the present invention, an optical recording medium is provided which includes 
a substrate; 

a recording layer located overlying the substrate, wherein the recording layer has a formula of 
25 GeaGapSbyTelOO-a-P-y, wherein a is a number of from 1 to 5 in units of atomic percent, p is a number of from 1 to 5 
in units of atomic percent, and 7 is a number of from 70 to 81 in units of atomic percent; and 

a reflection layer located overlying the recording layer. 
[0027] These and other objects, features and advantages of the present invention will become apparent upon con- 
sideration of the following description of the preferred embodiments of the present invention taken in conjunction with 
30 the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

35 

Fig. 1 is a block diagram illustrating the first embodiment of the information record/reproduction apparatus utilizing 
the information recording method of the present invention; 

Fig. 2 is a timing chart illustrating the channel clock and the waveforms of the multi-pulse laser light train in the 
first embodiment of the information record/reproduction apparatus; 
40 Fig. 3 is a diagram illustrating the mark lengths of record marks to be recorded and the first heating pulse A, rear 

cooling pulses 01 -C6, rear heating pulses B1 -B5, last heating pulse Br, and last cooling pulse Or of the multi-pulse 
laser light train; 

Fig. 4 is a graph illustrating the relationship between the pulse width (0.4 to 1 .OT) of the last heating pulse Br and 
the jitter characteristic ( o fTvj) when a record mark having a mark length of from 6T to 1 4T is recorded in Example 1 ; 
45 Fig. 5 is a graph illustrating the relationship between the pulse width (0.6 to 1 .4T) of the last cooling pulse Or and 

the jitter characteristic ( o/Tw) when a record mark having a mark length of from 6Tto 1 4T is recorded in Example 1 ; 
Fig. 6 is a graph illustrating the relationship between the pulse width (0.7 to 1 .5T) of the rear heating pulses 81 -B5 
and the jitter characteristic ( o /Tw) when a record mark having a mark length of from 6T to 14T is recorded in 
Example 1 ; 

50 Fig. 7 is a graph illustrating the relationship between the pulse width (0.6 to 1 .4T) of the first heating pulse A and 

the jitter characteristic ( o/Tw) when a record mark having a mark length of from 6Tto 1 4T is recorded in Example 1 ; 
Fig. 8 is a graph illustrating the relationship between the pulse width (0.7 to 1 .5T) of the first heating pulse A and 
the jitter characteristic ( o /Tw) when a record mark having a mark length of 3T is recorded in Example 1 ; 
Fig. 9 is a graph illustrating the relationship between the pulse width (1 .0 to 2.0T) of the last cooling pulse Or and 

55 the jitter characteristic ( o /Tw) when a record mark having a mark length of 3T is recorded in Example 1 ; 

Fig. 1 0 is a graph illustrating the relationship between the pulse width (0.5 to 1 .5T) of the first heating pulse A and 

the jitter characteristic ( o /Tw) when a record mark having a mark length of 4T is recorded in Example 1 ; 

Fig. 11 is a graph illustrating the relationship between the pulse width (0.1 to 0.9T) of the last heating pulse Br and 
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the jitter characteristic ( o /Tw) when a record mark having a mark length of 4T is recorded in Example 1 ; 

Fig. 1 2 is a graph illusiraling the relationship between the pulse width (0.7 to 1 .8T) of the last cooling pulse Cr and 

the jitter characteristic ( o /Tw) when a record mark having a mark length of 4T is recorded in Example 1 ; 

Fig. 1 3 is a graph illustrating the relationship between the pulse width (0.4 to 1 .71) o\ the first heating pulse A and 

5 the jitter characteristic ( o /Tw) when a record mark having a mark length of 5T is recorded In Example 1 ; 

Fig. 1 4 is a graph illustrating the relationship between the pulse width (0.5 to 1 .3T) of the last heating pulse Br and 
the jitter characteristic ( o /Tw) when a record mark having a mark length of 5T is recorded in Example 1 ; 
Fig. 15 is a graph illustrating the relationship between the pulse width (0.6 to 1 .71) of the last cooling pulse Cr and 
the jitter characteristic ( o /Tw) when a record mark having a mark length of 5T is recorded in Example 1 : 

^0 Fig. 16 is a graph illustrating the relationship between the ratio Pe/Pw of the erasing power (Pe) to the recording 

power (Pw) and the jitter characteristic when recording is repeatedly performed; 

Fig. 17 Is a diagram Illustrating a typical waveform of a pulse for use In conventional single-pulse optical recording 
when a mark having a mark length of 5T Is recorded in a phase change recording medium; 
Fig. 18 is a diagram Illustrating a typical waveform of a multi-pulse laser light train for use in conventional mulli- 
»5 pulse recording when a mark having a mark length of 5T is formed on a phase change recording medium, wherein 

the laser light has a multilevel recording power and is generated according to an EFM code; and 
Fig. 19 is a diagram illustrating typically examples of the waveforms of a multi-pulse laser light train in which a pair 
of a heating pulse and a cooling pulse are added whenever the mark length of record data increases by 1T. 

2r DETAILED DESCRIPTION OF THE INVENTION 

[0029] Fig. 1 is a block diagram illustrating the first embodiment of the information record/reproduction apparatus 
utilizing the information recording method of the present invention. Fig. 2 is a timing chart illustrating the channel clock 
and the wavefomns of the multi-pulse laser light train in the first embodiment of the information record/reproduction 
25 apparatus. This information record/reproduction apparatus records (i.e., overwrites) information In a phase change 
recording medium and reproduces the recorded information. The apparatus perfonns mark edge recording (i.e., PWM) 
using an EFM code. 

[0030] The information record/reproduction apparatus includes a digital circuit (not shown) serving as a light intensity 
control device; a laser diode driving circuit; a laser diode LD serving as a light source of an optical head; a spindle 

30 motor configured to rotate a phase change recording medium; the optical head: and an optical system. 

[0031] When recording is performed, the digital circuit generates pulse control signals according to EFM data. The 
laser diode driving circuit generates driving current according to the pulse control signals to drive the laser diode LD. 
Thus, multi-pulse laser light having waveforms as illustrated in Fig. 2 is emitted. The optical head irradiates a phase 
change recording medium, which is rotated by the spindle motor, with the multi-pulse laser light train emitted by the 

35 laser diode LD via the optical system. Thus, record marks are formed in the recording layer of the phase change 
recording medium, resulting in record of information in the optical recording medium. 

[0032] The multi-pulse laser light emitted by the laser diode LD are constituted of a first heating pulse A, followed 
by one or more rear heating pulses B (B1 , 82, ... and B5. in the order from the top to the last); a last heating pulse Br 
which follows the rear heating pulses B; one or more rear cooling pulses C (CI , C2. ... and C6, in the order from the 
4 top to the last) which are located between the first heating pulse A and the top of the rear heating pulses B, between 
the plural rear heating pulses B, and between the last of the plural rear heating pulses B and the last heating pulse Br; 
and a last cooling pulse Cr. 

[0033] When recording is performed (i.e., record marks having different mark lengths are recorded), the multi-pulse 

laser light emitted by the laser diode LD is as follows. 
4s [0034] As Illustrated in Fig. 2, a record mark having a mark length of 3T (T Is the cycle of the record channel clock) 

which is the shortest mark length is recorded by irradiating multi-pulse laser light constituted of a first heating pulse A 

and a last cooling pulse Cr. A record mark having a mark length of 4T or 5T Is recorded by irradiating multi-pulse laser 

light constituted of a first heating pulse A, a rear cooling pulse CI , a last heating pulse Br and a last cooling pulse Cr, 

which are sequentially arranged In this order. 
50 [0035] A record mark having a mark length of 6T or 7T is recorded by irradiating multi-pulse laser light constituted 

of a first heating pulse A, a rear cooling pulse CI , a rear heating pulse B1 . a rear cooling pulse 02, a last heating pulse 

Br and a last cooling pulse Cr. which are sequentially arranged in this order. 

[0036] A record mark having a mark length of 8T or 9T is recorded by irradiating multi-pulse laser light constituted 
of a first heating pulse A, a rear cooling pulse C1 , a rear heating pulse B1 , a rear cooling pulse C2, a rear heating pulse 
55 B2, a rear cooling pulse C3, a last heating pulse Br and a last cooling pulse Cr, which are sequentially arranged in this 
order 

[0037] A record mark having a mark length of 1 0T or 1 1T is recorded by irradiating multi-pulse laser light constituted 
of a first heating pulse A, a rear cooling pulse C1 . a rear heating pulse B1 , a rear cooling pulse C2, a rear heating pulse 
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B2, a rear cooling pulse C3, a rear healing pulse B3, a rear cooling pulse C4, a last heating pulse Br and a last cooling 
pulse Cr, which are sequentially arranged in this order. 

[O038] A record mark having a mark length ol 14T is recorded by irradiating multi-pulse laser light constituted of a 
first heating pulse A. a rear cooling pulse C1 . a rear heating pulse B1 , a rear cooling pulse C2, a rear heating pulse 
5 B2, a rear cooling pulse C3, a rear heating pulse B3, a rear cooling pulse C4. a rear heating pulse 84, a rear cooling 
pulse C5, a rear heating pulse B5, a rear cooling pulse C6, a last heating pulse Br and a last cooling pulse Cr, which 
are sequentially arranged in this order. 

[0039] Thus, one heating pulse and one cooling pulse are increased when the mark length increases by 2T. In ad- 
dition, when record marks having a mark length of from 6T to 14T are recorded, the last heating pulse Br preferably 

10 has a pulse width of from 0.5T to 0.9T, and the last cooling pulse Cr preferably has a pulse width of from 0.7T to 1 .3T. 
[0040] As illustrated in Fig. 1 , constant currents corresponding to the emission power for the first heating pulse A 
and rear healing pulses B are applied to the laser diode LD from a current generator PW1 in the laser diode driving 
circuit. Similarly, current generators PW2 and PW3 apply constant currents corresponding to the emission powers of 
the cooling pulses C and an erase pulse D to the laser diode LD, respectively. 

15 [0041] The light intensity control device (not shown) generates A and B pulse control signals, C pulse control signals, 
and D pulse control signals according to EFM data. Switching elements 11,12 and 1 3 put on or off the current generators 
PW1 , PW2 and PW3 according to the A and B pulse control signals, C pulse control signals, and D pulse control signals 
generated by the light intensity control device so that the laser diode LD emits the multi-pulse laser light as illustrated 
in Fig. 2. 

20 [0042] When the recorded information is reproduced, the laser diode driving circuit allows the laser diode LD to emit 
laser light by applying a reproduction power (i.e., a read power) thereto. The optical head Irradiates the phase change 
recording medium with the laser light emitted by the laser diode LD and passing through the optical system while the 
laser light is focused, to reproduce the recorded information. The reflection light reflected from the phase change 
recording medium Is received by a light receiving device via the optical system, and the received light is subjected to 

25 a photoelectric treatment, resulting in formation of reproduction signals. 

[0043] The optical recording medium for use in the information record/reproduction apparatus of the first embodiment 
has a constitution such that a first dielectric layer, a recording layer, a second dielectric layer, a third dielectric layer, 
and a reflection/heat-releasing layer (hereinafter referred to as a reflection layer) are formed on a substrate In this order. 
[0044] Specific examples of the materials for use as the substrate include glass, ceramics, and resins. Among these 

30 materials, resin substrates are preferable in view of moldability and cost. Specific examples of the resins for use as 
the substrate include polycarbonate resins, acrylic resins, epoxy resins, polystyrene resins, silicone resins, fluorine- 
containing resins, ABS resins, urethane resins, etc. Among these resins, polycarbonate resins are preferable because 
of having good processability and optical properties. The form of the substrate is not limited to disc fomns and card- 
form and sheet-form substrates can also be used. 

35 [0045] The first dielectric layer of the phase change optical recording medium is formed, for example, by sputtering 
(ZnS)8o(S 102)20 The first dielectric layer functions as a heat-resistant protective layer and an optical interference layer. 
In order to maximally fulfill the functions, the first dielectric layer preferably has a thickness of from 20 nm to 250 nm. 
When the first dielectric layer is too thin, the function of the heat-resistant protective layer is hardly fulfilled. In contrast, 
when the first dielectric layer is too thick, the layer lends to be peeled from the substrate or the adjacent layer. 

40 [0046] The recording layer of the optical recording medium is formed, for example, by sputtering a target material 
which is synthesized so as to have a predetermined formula. The recording layer preferably has a thickness of from 
10 to 30 nm. When the recording layer is too thin, the light absorbing ability deteriorates, and thereby the function of 
the recording layer is hardly fulfilled. In contrast, when the recording layer is too thick, the interference effect deteriorates 
because the quantity of the transmitted light decreases. 

45 [0047] The second dielectric layer of the phase change optical recording medium is formed, for example, by sputtering 
(ZnS)8o(S 102)20- The second dielectric layer preferably has a thickness of from 10 nm to 40 nm. When the second 
dielectric layer Is too thin, the recording sensitivity and heat resistance deteriorates. In contrast, when the second 
dielectric layer is too thick, heat is not easily radiated (i.e., heat is stored in the recording medium). 
[0048] The third dielectric layer of the phase change optical recording medium is formed, for example^ by sputtering 

50 SiC. The third dielectric layer preferably has a thickness of from 2 nm to 20 nm. When the third dielectric layer is too 
thin, the preservation property of the recording medium deteriorates because Ag2S tends to be generated when Ag is 
used in the reflection layer. In contrast, when the third dielectric layer is too thick, the recording properties deteriorate. 
[0049] The reflection layer is formed, for example, by sputtering a silver alloy. The reflection layer preferably has a 
thickness of from 30 nm to 250 nm. When the reflection layer is too thick, the recording sensitivity deteriorates because 

55 the reflection layer has too good heat releasing efficiency. In contrast, when the reflection layeristoothin, the overwriting 
properties deteriorate although the recording sensitivity is good. 

[0050] A first embodiment of the information record/reproduction apparatus utilizing the information recording method 
of the present invention will be explained. 
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[0051] In the first embodiment, the last heating pulse Br has a pulse width of from 0.5T to O PT and the last cooling 
pulse Cr has a pulse width of from 0.7T to 1 .3T when record marks having a mark length of from 6T to 1 4T are recorded. 
By controlling the pulse widths, the resultant record marks have a clear rear edge even when high speed recording is 
performed, resulting in decrease of jitters of the reproduced signals. 

[0052] Then a second embodiment of the information record/reproduction apparatus will be explained. In the second 
embodiment, when record marks having a mark length of from 6T to 14Tare recorded, the rear heating pulses B have 
a pulse width of from 0.8T to 1 .4T, and the first heating pulse A has a pulse width of from 0.7T to 1 .3T under the pulse 
conditions mentioned above in the first embodiment. 

[0053] Since marks having a mark length of from 6T to 1 4T are formed by irradiating the rear heating pulses B having 
such a pulse width as mentioned above, the resultant record marks have a clear shape without narrowing. This is 
because the central portion of the record marks having such a mark length are regorded using rear heating pulses 
having a wide pulse width even when high speed recording is performed. 

[0054] In addition, since the first heating pulse A has such a pulse width as mentioned above when the marks having 
a mark length of from 6T to 14T are recorded, the resultant record marks have a clear front edge even In high speed 
recording, resulting in decrease of jitters of the reproduction signals. 

[0055] Then the third embodiment will be explained. In the third embodiment, when record marks having a mark 
length of 3T are recorded, the first heating pulse A has a pulse width of from 0.8T to 1 .4T, and the last cooling pulse 
Cr has a pulse width of from 1.1T to 1,9T under the pulse conditions mentioned above In the first and second embod- 

imenls. 

[0056] Since the first heating pulse A has such a pulse width as mentioned above when marks having a mark length 
of 3T are formed, the resultant record marks have a clear front edge even In high speed recording, resulting in decrease 
of jitters of the reproduction signals. 

[0057] In addition, since the last cooling pulse Cr has such a pulse width as mentioned above when the marks having 
a mark length of 3T arc recorded, the resultant record marks have a clear rear edge even In high speed recording, 
resulting in decrease of jitters of the reproduction signals. 

[0058] Then the fourth embodiment will be explained. In the fourth embodiment, when record marks having a mark 
length of 4T are recorded, the first heating pulse A has a pulse width of from 0.6T to 1.4T, the last heating pulse Br 
has a pulse width of from O.ITto 0.8T. and the last cooling pulse Cr has a pulse width of from 0-8T to 1.7T under the 
pulse conditions mentioned above in the first, second and third embodiments. 

[0059] Since the first heating pulse A has such a pulse width as mentioned above even when marks having a mark 
length of 4T are formed, the resultant record marl<s have a clear front edge even in high speed recording, resulting in 
decrease of jitters of the reproduction signals. 

[0060] In addition, since the last heating pulse Br has such a pulse width as mentioned above when the marks having 
a mark length of 4T are recorded, the resultant record marks have a clear rear edge even In high speed recording, 
resulting in decrease of jitters of the reproduction signals. 

[0061] In addition, since the last cooling pulse Cr has such a pulse width as mentioned above when the marks having 
a mark length of 4T are recorded, the resultant record marks have a clear rear edge even in high speed recording, 

resulting in decrease of jitters of the reproduction signals. 

[0062] Then the fifth embodiment will be explained. In the fifth embodiment, when record marks having a mark length 
of ST are recorded, the first heating pulse A has a pulse width of from 0.5T to 1 .6T, the last heating pulse Br has a 
pulse width of from 0.6T to 1 .2T, and the last cooling pulse Cr has a pulse width of from 0.7T to 1 .6T under the pulse 
conditions mentioned above in the first, second, third and fourth embodiments. 

[0063] Since the first heating pulse A has such a pulse width as mentioned above wben marks having a mark length 
of STare formed, the resultant record marks have a clear front edge even in high speed recording, resulting in decrease 
of jitters of the reproduction signals. 

[0064] In addition, since the last heating pulse Br has such a pulse width as mentioned above when the marks having 
a mark length of 5T are recorded, the resultant record marks have a clear rear edge even In high speed recording, 
resulting in decrease of jitters of the reproduction signals. 

[0065] In addition , since the last cooling pulse Cr has such a pulse width as mentioned above when the marks having 
a mark length of 5T are recorded, the resultant record marks have a clear rear edge even In high speed recording, 
resulting In decrease of jitters of the reproduction signals. 

[0066] Then the sixth embodiment will be explained. In the sixth embodiment, the ratio (Pe/Pw) of the erasing power 
(Pe) to the recording power (Pw) is set so as to be from 0.4 to 0.7 in addition to the recording conditions mentioned 
above in the first to fifth embodiments. 

[0067] Since recording/erasing Is performed while setting the erasing power and recording power so as to satisfy 
the ratio mentioned above, the resultant marks have clear edges even when recording is repeatedly performed, re- 
sulting in decrease of the reproduction signals. 

[0068] Then the seventh embodiment will be explained. In the seventh embodiment, the recording layer of the optical 
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recording medium has a formula of Gef/GapSb7Te100-(/-p-7, wherein a is a number of from 1 to 5 in units of atomic 
percent, p is a number of from 1 to 5 in units of atomic percent, and -y is a number of from 70 to 81 in units of atomic 
percent, in addition to the recording conditions mentioned above in the sixth embodiment. 

[0069] Since the recording layer has such a formula as mentioned above, information can be repeatedly recorded 
in a melt-erase mode even at a high recording speed of from 14 to 17.5 m/s. In this case, jitters of the reproduced 

signals can be decreased. 

[0070] Then the eighth embodiment will be explained. In the eighth embodiment, the upper limit recrystallization 
linear speed, below which the recording layer heated by laser light having an erasing power of Pe recrystallizes is from 

14 m/s to 20 m/s. 

[0071] Since the recording layer has such a property, information can be well-recorded even at a high recording 
speed of from 14 to 17.5 m/s, i.e., at a speed four to five times the reproduction speed of DVD-ROMs. 
[0072] The ninth embodiment will be explained. In the ninth embodiment, the recording layer of the optical recording 
medium has such a property as to crystallize at a temperature of from 160 to 210 *'C when being heated at a heating 
speed of 1 0 °C/min. 

[0073] Since the recording layer has such a property information can be well^recorded even at a high recording 
speed of from 14 to 17.5 m/s, i.e., at a speed four to five times that of the reproduction speed of DVD-ROMs. 
[0074] Then the tenth embodiment of the present invention will be explained- In the tenth embodiment, the first 
dielectric layer has a thickness of from 20 nm to 250 nm; the recording layer has a thickness of from 10 nm to 30 nm; 
the second dielectric layer has a thickness of from 10 nm to 40 nm; the third dielectric layer has a thickness of from 2 
nm to 20 nm; and the reflection layer has a thickness of from 30 nm to 250 nm. 

[O075] When each of the layers has such a thickness as mentioned above, information can be well-recorded even 
at a high speed. 

[0076] Having generally described this invention, further understanding can be obtained by reference to certain spe- 
cific examples which are provided herein for the purpose of illustration only and are not intended to be limiting. 



[0077] In the first embodiment of the information record/reproduction apparatus, recording data are recorded in a 
phase change recording medium while applying laser light having waveform as illustrated in Figs. 2 and 3. The resultant 
marks have a predetermined mark length even when the record channel clock is highly frequented. 
[0078] When a mark having a shortest mark length of 3T is recorded, multi-pulse laser light constituted of a first 
heating pulse A having a pulse width of LOT, and a last cooling pulse Cr having a pulse width of 1 .4T irradiates the 
optical recording medium. 

[0079] When a mark having a mark length of 4T is recorded, multi-pulse laser light constituted of a first heating pulse 
A having a pulse width of 1 OT, a rear cooling pulse C1 having a pulse width of 1 .OT, a last heating pulse Br having a 
pulse width of 0.5T and a last cooling pulse Cr having a pulse width of 1 .3T irradiates the optical recording medium. 
[0080] When a mark having a mark length of 5T is recorded, multi-pulse laser light constituted of a first heating pulse 
A having a pulse width of 1 .OT, a rear cooling pulse CI having a pulse width of 1 .5T, a last heating pulse Br having a 
pulse width of 0,9T and a last cooling pulse Cr having a pulse width of 1 .IT irradiates the optical recording medium. 
[0081] When a mark having a mark length of 6T is recorded, multi-pulse laser light constituted of a first heating pulse 
A having a pulse width of 1 .OT, rear cooling pulses C1 and C2 having a pulse width of 1 .OT, a rear heating pulse 81 
having a pulse width of 1 OT, a last heating pulse Br having a pulse width of 0.7T and a last cooling pulse Cr having a 
pulse width of LOT irradiates the optical recording medium. 

[0082] When a mark having a mark length of 7T is recorded, multi-pulse laser light constituted of a first heating pulse 

A having a pulse width of 1 .OT, a rear cooling pulse CI having a pulse width of 1 .5T, a rear cooling pulse C2 having a 
pulse width of 1 .3T, a rear heating pulse B1 having a pulse width of 1 .OT, a last heating pulse Br having a pulse width 
of 0.7T and a last cooling pulse Cr having a pulse width of 1 .OT irradiates the optbal recording medium. 
[0083] When a mark having a mark length of 8T is recorded, multi-pulse laser light constituted of a first heating pulse 
A having a pulse width of 1 ,0T rear cooling pulses CI , C2 and C3 each having a pulse width of LOT, rear heating 
pulses B1 and B2 each having a pulse width of 1 OT, a last heating pulse Br having a pulse width of 0.7T and a last 
cooling pulse Cr having a pulse width of LOT irradiates the optical recording medium. 

[0084] When a mark having a mark length of 9T is recorded, multi-pulse laser light constituted of a first heating pulse 
A having a pulse width of LOT, a rear cooling pulse CI having a pulse width of 1 .5T. a rear cooling pulse C2 having a 
pulse width of 1 OT, a rear cooling pulse C3 having a pulse width of 1 .3T rear heating pulses B1 and 82 each having 
a pulse width of 1 OT, a last heating pulse Br having a pulse width of 0.7T and a last cooling pulse Cr having a pulse 
width of 1 .OT irradiates the optical recording medium. 
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[0085] When a mark having a mark length of 10T is recorded, mufli-pulse laser light constituted of a first heating 
pulse A having a pulse width of 1 .OT rear cooling pulses C1 . C2. C3 and C4 each having a pulse width of 1 .OT, rear 
heating pulses B1 . B2 and B3 each having a pulse width of 1 OT. a last heating pulse Br having a pulse width of 0.7T 
and a last cooling pulse Cr having a pulse width of 1 .OT irradiates the optical recording medium. 
[0086] When a mark having a mark length of 11T is recorded, multi-pulse laser light constituted of a first heating 
pulse A having a pulse width of 1 OT, a rear cooling pulse C1 having a pulse width of 1 .5T, rear cooling pulses C2 and 
C3 each having a pulse width of 1 OT, a rear cooling pulse C4 having a pulse width of 1 .3T, rear heating pulses B1 , 
82 and B3 each having a pulse width of LOT, a last heating pulse Br having a pulse width of 0.7T and a last cooling 
pulse Cr having a pulse width of 1 OT irradiates the optical recording medium. 

[0087] When a mark having a mark length of 14T is recorded, multi-pulse laser light constituted of a first healing 
pulse A having a pulse width of 1 OT rear cooling pulses C1 , C2, C3, C4, C5 and C6 each having a pulse width of 
LOT, rear heating pulses BL B2, B3, B4 and B5 each having a pulse width of LOT^ a last heating pulse Br having a 
pulse width of 0.7T and a last cooling pulse Cr having a pulse width of 1 .OT irradiates the optical recording medium. 
[0088] The optical recording medium used in Example 1 has a constitution such that information recorded in the 
recording medium can also be reproduced by an information reproduction method for DVD-ROMs. 
[0089] The method for preparing the optical recording medium will be explained. A polycarbonate disc substrate 
having a diameter of 12 cm and a thickness of 0.6 mm was used as the substrate: In addition, a groove was previously 
formed on the substrate at a pitch of 0.74 \im. The polycarbonate substrate was subjected to a dehydration treatment 
at a high temperature. Then a first dielectric layer, a recording layer, a second dielectric layer, a third dielectric layer 
and a reflection layer were overlaid on the substrate in this order by sputtering. 

[0090] When the first dielectric layer was formed, a material ZnS-SiOg was used as a target. The thickness of the 
resultant first dielectric layer was 180 nm. 

[0091] The recording layer was formed while an alloy Ge3Ga5Sb75Tei7 (atomic %) was used as a target. Sputtering 
was perfomned under conditions of 3x1 0-^ Torr (i.e., 0.4 Pa) in the argon gas pressure and 300 mW (i.e., 0.3 W) in the 
RF power. The thickness of the recording layer was 20 nm. 

[0092] The second dielectric layer was fomried while a material ZnS-SiOg was used as a target. The thickness of the 
second dielectric layer was 20 nm. 

[0093] The third dielectric layer was fomried while a material SIC was used as a target. The thickness of the third 
dielectric layer was 6 nm. 

[0094] The reflection layer was formed while a silver alloy was used as a target. The thickness of the reflection layer 
was 120 nm. 

[0095] In addition, an organic protective layer was formed on the reflection layer by coating an ultraviolet-crosslinking 
acrylic resin using a spinner so as to have a thickness of from 5 to 1 0 ixm. The acrylic resin was crosslinked by ultraviolet 
rays. 

[0096] In addition, another polycarbonate disc having a diameter of 12 cm and a thickness of 0.6 mm was adhered 
thereto using an adhesive sheet. The recording layer of the thus prepared optical recording medium was exposed to 
laser light to be initially crystallized. 

[0097] In Example 1 , a pickup emitting laser light having a wavelength of 660 nm and a NA (numerical aperture of 
lens) of 0.65 was used for reproduce the recorded information. Recording was performed using a pulse modulation 
method. The modulation method used is an EFM method (i.e., Eight to Sixteen Modulation). The ratio (Pe/Pw) of the 
erasing power (Pe) to the recording power (Pw) was 0.5. The reproduction power was 0.7 mW (I.e., 0.0007W). Re- 
cording and overwriting were perfomned at a line density of 0.267 M,m/bit. Jitter a was detemnined by measuring "data 
to clock". Namely, jitter was determined by measuring the deviation of the reproduction signals (i.e., data) from the 
standard clock cycle T (i.e.. clock) . The record speed and reproduction speed were 1 7.5 m/s and 3.5 m/s, respectively. 
[0098] As a result, a good result such that a value o/T w, I.e., data to clock jitter o standardized by the window width 
Tw, was 10 % with cross talk (I.e., signals in a track are evaluated while signals have been recorded in the adjacent 
tracks) was obtained. In addition, the modulation of the reproduction signals and the reflectance of the optical recording 
medium were 65 % and 18.5 %. The modulation is defined as a ratio (l14/l14top) of the signal width (114) to the signal 
intensity (l14top) of the top of the longest mark 14T Further, even after overwriting was perfomned 1000 times, the 
standardized jitter (o/Tw) was 11 %, i.e., increase of jitter can be prevented. 

[0099] In addition, when recording was performed at a speed less than 17,5 nVs, good results could be obtained. 
Comparative Example 1 



[0100] Infomnation was recorded at a speed of 17.5 m/s using an information record/reproduction apparatus which 
applies multi-pulse laser light as Illustrated in Fig. 19 in which a pair of a heating pulse and a cooling pulse is added 
when the mark length increases by 1T (hereinafter referred to as a IT strategy). 

[0101] As a result, the initial jitter o/Tw and modulation were 15 % and 30 %, respectively. In addition, overwriting 
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was not performed. 

[01 02] At the present time, the upper limit of the power at which a laser diode can stably emit light having a wavelength 
of 660 nm is 15 mW (i.e.. 0.01 5W) when measured on the surface of an optical recording medium. When recording is 
performed on an optical recording medium at a high speed of 17.5 m/s using 660 nm laser light and 1T strategy, the 
5 optical recording medium cannot be sufficiently heated or cooled (i.e., the power is insufficient). Therefore, the mod- 
ulation decreases and the jitter deteriorates. 

[0103] In contrast, even when a laser diode of 660 nm is used, by using the method of Example 1 in which laser light 
having wavefomis as illustrated in Fig. 2 irradiates, the wave length of the pulses of the laser light corresponding to 
the front and rear edge portions of marks is wide, and thereby the jitter of reproduced signals can be decreased and 
10 the modulation can be increased. 

Example 2 

[0104] The procedure for recording and reproduction in Example 1 was repealed except that the wavelength of the 
15 last healing pulse Br was changed from 0.4T to 1 .OT when marks having a mark length of from 6T to 1 4T were recorded. 
7 ho results (o/Tw) are shown in Fig. 4. As can be understood from Fig. 4, when the pulse width of the last heating 
pulse Br is from 0.5T to 0.9T the jitter (o/Tw) is not greater than 14 %. To the contrary, when the last heating pulse Br 
is less than 0.5T or greater than 0.9T, the rear edges of the resultant marks become unclear, resulting in deterioration 
of jitter. 

20 [0105] Accordingly, when marks having a mark length of from 6T to 14T are recorded, the pulse width of the last 
heating pulse Br is set so as to be from 0.5T to 0.9T to form marks having a clear rear edge, resulting in decrease of 
jitter of reproduction signals. 



25 
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Example 3 



[0106] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last cooling pulse Cr was changed from 0.6T to 1 .4T when marks having a mark length of from 6T to 1 4T were recorded. 
The results (o/Tw) are shown in Fig. 5. As can be understood from Fig. 5, when the pulse width of the last cooling 

pulse Cr is from 0.7Tto 1 .3T, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the last cooling pulse Cr 
30 is less than 0.7T or greater than 1 .3T, the rear edges of the resultant marks become unclear, resulting in deterioration 
of jitter. 

[0107] Accordingly, when marks having a mark length of from 6T to 14T are recorded, the pulse width of the last 
cooling pulse Cr Is set so as to be from 0.7T to 1 .3T to form marks having a clear rear edge, resulting in decrease of 
Jitter of reproduction signals. 



Example 4 



[0108] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
rear heating pulses B1 to B5 were changed from 0.7T to 1.5T when marks having a mark length of from 6T to 14T 
40 were recorded. The results (o/Tw) are shown in Fig. 6. As can be understood from Fig. 6, when the pulse width of the 
rear heating pulses B1 to B5 are from 0.8T to 1 .4T, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the 
pulse width of the rear heating pulses B1 to B5 Is less than 0,8T, the resultant marks narrow due to insufficient power, 
resulting in deterioration of jitter. 

[0109] In contrast, when the pulse width of the rear heating pulse B1 to 85 is greater than 1 .4T, the resultant marks 
45 narrow due to insufficient cooling time, resulting in deterioration of jitter. 

[0110] Accordingly, when marks having a mark length of from 6T to 14T are recorded, the pulse width of the rear 
healing pulses B1 to B5 is set so as to be from 0.8T to 1.4T to prevent narrowing of recorded marks, resulting in 
decrease of jitter of reproduction signals. 

50 Example 5 

[0111] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
first heating pulse A was changed from 0.6T to 1 .4T when marks having a mark length of from 6T to 1 4T were recorded. 
The results (o/Tw) are shown in Fig. 7. As can be understood from Fig. 7, when the pulse width of the first heating 
55 pulse A is from 0.7Tto 1 .3T. the jitter (o/Tw) is not greater than 14 %. To the contrary, when the pulse width of the first 
heating pulse A is less than 0.7T. the front edge of the resultant marks narrows due to insufficient power, resulting in 
deterioration of jitter. When the pulse width of the first heating pulse A is greater than 1 .3T, the front edge of the resultant 
marks narrows due to insufficient cooling time, resulting in deterioration of jitter. 
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[0112] Accordingly, when marks having a mark length of from 6T to 14T are recorded, the pulse width of the first 
heating pulse A Is set so as to be from 0.7T to 1 .3T to prevent narrowing of the front edges of the marks, resulting in 
decrease of jitter of reproduction signals. 



[0113] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
first heating pulse A was changed from 0.7T to 1 .5T when marks having a mark length of 3T were recorded. The results 
(o/Tw) are shown in Fig. 8. As can be understood from Fig. 8, when the pulse width of the first heating pulse A is from 
0.8T to 1 AT, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the pulse width of the first heating pulse 
A is less than 0.8T, the front edge of the resultant marks narrows due to insufficient power, resulting in deterioration of 
jitter. When the pulse width of the first heating pulse A is greater than 1 .5T, the front edge of the resultant marks narrows 
due to insufficient cooling time, resulting in deterioration of jitter 

[0114] Accordingly, when marks having a mark length of 3T are recorded, the pulse width of the first heating pulse 
A is set so as to be from 0.8T to 1 .4T to prevent narrowing of the front edges of the marks, resulting in decrease of 
jitter of reproduction signals. 



[0115] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last cooling pulse Cr was changed from LOT to 2.0T when marks having a mark length of 3T were recorded. The 
results (o/Tw) are shown in Fig. 9. As can be understood from Fig. 9, when the pulse width of the last cooling pulse 
Cr is from 1 .IT to 1 .9T, the jitter (o/Tw) is not greater than 14%. To the contrary, when the pulse width of the last cooling 
pulse Cr is less than 1 .1T or greater than 1.9T, the resultant marks have an unclear rear edge, resulting in deterioration 
of jitter. 

[0116] Accordingly, when marks having a mark length of 3T are recorded, the pulse width of the last cooling pulse 
Cr is set so as to be from 1 .1T to 1 .9T to fonn marks having a clear rear edge, resulting in decrease of jitter of repro- 
duction signals. 



[0117] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
first heating pulse A was changed from 0.5T to 1 .5T when marks having a mark length of 4T were recorded. The results 
(o/T\n) are shown In Fig. 10. As can be understood from Fig. 10, when the pulse width of the first heating pulse A is 
from 0.6T to 1 .4T, the jitter (o/Tw) is not greater than 1 4 %. To the contrary, when the pulse width of the first heating 
pulse A is less than 0.6T, the front edge of the resultant marks narrows due to insufficient power, resulting in deterioration 
of jitter When the pulse width of the first heating pulse A is greater than 1.4T the front edge of the resultant marks 
narrows due to insufficient cooling time, resulting in deterioration of jitter 

[0118] Accordingly, when marks having a mark length of 4T are recorded, the pulse width of the first heating pulse 
A is set so as to be from 0.6T to 1 .4T to prevent narrowing of the front edges of the marks, resulting in decrease of 
jitter of reproduction signals. 



[0119] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last healing pulse Br was changed from 0.1T to 0.9T when marks having a mark length of 4T were recorded. The 
results (a/Tw) are shown in Fig. 11. As can be understood from Fig. 11, when the pulse width of the last heating pulse 
Br is from 0. 1 T to 0.8T, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the pulse width of the last heating 
pulse Br is less than 0.1 Tor greater than 0.9T, the resultant marks have an unclear rear edge, resulting In deterioration 
of jitter 

[0120] Accordingly, when marks having a mark length of 4T are recorded, the pulse width of the last heating pulse 
Br is set so as to be from 0.1T to 0.8T to form marks having a clear rear edge, resulting in decrease of jitter of repro- 
duction signals. 



[0121] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last cooling pulse Cr was changed from 0.7T to.l.ST when marks having a mark length of 4T were recorded. The 
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results (a/Tw)are shown in Fig. 12. As can be understood from Fig. 12, when the pulse width of the last cooling pulse 
Cr is from 0.8T to 1 .7T the jitter (o/Tw) is not greater than 1 4 %. To the contrary, when the pulse width of the last cooling 
pulse Cr is less than 0.8T or greater than 1 .71, the resultant marks have an unclear rear edge, resulting in deterioration 
of jitter. 

5 [0122J Accordingly, when nnarks having a nnark length of 4T are recorded, the pulse width of the last cooling pulse 
Cr is set so as to be from 0.8T to 1 ,7T to form marks having a clear rear edge, resulting in decrease of jitter of repro- 
duction signals. 

Example 11 

10 

[0123] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
first heating pulse A was changed from 0.4T to 1 .7T when marks having a mark length of 5T were recorded. The results 
(o/Tw) are shown In Fig. 13. As can be understood from Fig. 13, when the pulse width of the first heating pulse A is 
from 0.5T to 1.6T, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the pulse width of the first heating 
'5 pulse A is less than 0.5T, the front edge of the resultant marks narrows due to insufficient power, resulting in deterioration 
of jitter. When the pulse width of the first heating pulse A is greater than 1 .6X the front edge of the resultant marks 
narrows due to Insufficient cooling time, resulting in deterioration of jitter. 

[0124] Accordingly, when marks having a mark length of 5T are recorded, the pulse width of the first heating pulse 
A is set so as to be from 0.5T to 1 .6T to prevent narrowing of the front edges of the marks, resulting In decrease of 
20 jitter of reproduction signals. 



[0125] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last heating pulse Br was changed from 0.5T to 1.3T when marks having a mark length of 5T were recorded. The 
results (o/Tw) are shown In Fig. 14. As can be understood from Fig. 14, when the pulse width of the last heating pulse 
Br is from 0.6T to 1 .2T, the jitter (o/Tw) is not greater than 14 %. To the contrary, when the pulse width of the last heating 
pulse Br Is less than 0.6T or greater than 1 .2T, the resultant marks have an unclear rear edge, resulting in deterioration 
of jitter 

[0126] Accordingly when marks having a mark length of 5T are recorded, the pulse width of the last heating pulse 
Br is set so as to be from 0.6T to 1 .2T to fomri marks having a clear rear edge, resulting In decrease of jitter of repro- 
duction signals. 



[0127] The procedure for recording and reproduction in Example 1 was repeated except that the wavelength of the 
last cooUng pulse Cr was changed from 0.6T to 1.7T when marks having a mark length of 5T were recorded. The 
results (a/Tw) are shown in Fig. 15. As can be understood from Fig. 15, when the pulse width of the last cooling pulse 
Cr is from 0.7T to 1 .6T, the jitter (a/Tw) is not greater than 14%. To the contrary, when the pulse width of the last cooling 
pulse Cr Is less than 0.7T or greater than 1.6T, the resultant marks have an unclear rear edge, resulting in deterioration 
of jitter. 

[0128] Accordingly, when marks having a mark length of 5T are recorded, the pulse width of the last cooling pulse 
Cr is set so as to be from 0.7T to 1 .6T to fonn marks having a clear rear edge, resulting in decrease of jitter of repro- 
duction signals. 



[0129] The procedure for recording and reproduction in Example 1 was repeated except that the ratio (Pe/Pw) of the 
erasing power (Pe) to the recording power (Pw) was changed so as to be 0.3, 0.4, 0.5, 0.6 and 0.7. The jitter after 
repeated recording is shown in Fig. 16. As can be understood from Fig. 16, when the ratio (Pe/Pw) is 0.4 to 0.7, the 
jitter (o/Tw) is not greater than 1 0 % even after recording is repeated 1 000 times. When the ratio (Pe/Pw) is 0.3, the 
jitter, particularly the initial jitter, is inferior to the jitter when the ratio is 0.4 to 0.7. In particular, when recording is 
repeated twice, the jitter seriously increases. In contrast, when the ratio (Pe/Pw) is not less than 0.8, the recording 
layer achieves an amorphous state because the erase power is too large. 

[0130] The reason is considered to be that when the ratio is from 0.4 or 0.7, the recording layer is melted and then 
recrystallized (i.e., recording is performed in a melt-erase mode), but when the ratio is 0.3, the recording layer is not 
melted due to low erasing power and thereby the recording layer recrystallizes white maintaining a solid state. Namely, 
the recrystallization mode is different in both the cases, and thereby the jitter are different. 
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[0131] Accordingly, by setting the ratio (Pe/Pw) so as to be 0.4 to 0.7, marks having a clear edge can be formed 
even in high speed recording, resulting in decrease of jitter even after repeated use. 

Examples 15 to 22 and Comparative Examples 2 to 5 

[0132] The procedure for preparation of the optical recording medium in Example 1 was repeated except that the 
formula of the recording layer was changed as shown in Table 1. Information was repeatedly recorded in the resultant 
recording media under the following conditions: 

Recording linear speed: 17.5 m/s 
Recording power Pw: 15 mW (i.e., 0.01 5W) 
Erasing power Pe: 8 mW (i.e., 0.008W) 



[0133] The information-recorded optical recording media were evaluated as follows: 

[0134] Each information-recorded optica! recording medium was allowed to settle in an oven for 300 hours under 
the conditions 80 °C in temperature and 85 % in relative humidity to determine jitters before and after the preservation 
test (i.e. Jitter increasing rate; so-called archival increasing rale). In addition, the crystallization temperature and melting 
point of the film of each recording layer were measured at a temperature rising speed of 10 *'C/min. 
[0135] Further, the repeatability (i.e., as to how many limes information can be recorded therein with a jitter not 
greater than 14 %) was evaluated. The results are shown in Table 2. 



Table 1 





Formula of the recording layer (atomic %) 


Sb 


Te 


Ge 


Ga 


Example 1 5 


76 


18.1 


3 


2.9 


Example 1 6 


77 


15.6 


2.9 


4.5 


Example 1 7 


72 


18 


6 


5 


Example 1 8 


76 


16 


5 


3 


Example 1 9 


79 


14 


4.5 


2.5 


Example 20 


73 


21 


3 


3 


Example 21 


77 


15 


4 


4 


Example 22 


72 


23 


1 


4 


Comparative Example 2 


85 


5 


5 


5 


Comparative Example 3 


67 


20 


4 


9 


Comparative Example 4 


68 


17 


10 


5 


Comparative Example 5 


76 


21 


0 


3 



Table 2 
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Repeat-Ability 
(times) 


Crystallization 
temp. ("0) 


Jitter increasing 
rate 


Initial 

crystallization 


Melting point 
(°C) 


Ex. 15 


12000 


175 


1.2 


Good 


545 


Ex. 16 


10000 


185 


1.2 


Good 


530 


Ex. 17 


11000 


190 


1.3 


Good 


550 


Ex. 18 


12000 


175 


1.2 


Good 


535 


Ex, 19 


12000 


170 


1.1 


Good 


540 


Ex. 20 


11000 


175 


1.2 


Good 


550 


Ex. 21 


10000 


180 


1.3 


Good 


540 
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Table 2 (continued) 





Repeat-Abilily 
(times) 


Crystallization 
temp. ("C) 


Jitter increasing 
rate 


Initial 

crystallization 


Melting point 


Ex.22 


8000 


180 


1 ? 


Good 


535 


Comp. Ex. 2 


300 


170 


8 


Good 


530 


Comp. Ex. 3 


500 


230 


4 


Impossible 


530 


Comp. Ex. 4 


1 


180 


3 


Good 


530 


Comp. Ex. 5 


500 


170 


7 


Good 


530 



10 



15 



20 



25 



30 



35 



[0136] In Examples 15 to 22 and Comparative Examples 2 to 5, the formula of the recording layer of the optical 
recording medium of Example 1 is changed such that the recording layer has a crystallization temperature of from 170 
to 230 °C when measured at a temperature rising speed of 10 °C/min. 

[0137] As can be understood from Tables 1 and 2, the optical recording media have a good repeatability not less 
than 5000 times, and a good jitter property (a low jitter increasing rate not greater than 1 .3 %; I.e., jitter hardly increases 
even after the preservation test). In addition, the re-crystalllzatlon speed of the recording layers is not less than 14 m/s. 
[01 38] Further, information could be well-recorded in the optical recording media of Examples 1 5 to 22 even at a low 
speed less than 17.5 m/s. 

[0139] In contrast, since Sb is included in the recording layer of the optical recording medium of Comparative Example 
2 at a high content of 85 atomic %, the optical recording medium has a poor preservation properly, and a poor repeat- 
ability. 

[0140] Since Ga is included in the recording layer of the optical recording medium of Comparative Example 3 at a 
high content of 9 atomic %, the recording layer of the optical recording medium has a high crystallization temperature 
of 230 **C, and thereby initial crystallization cannot be performed on the recording layer. 

[0141] Since Ge is included in the recording layer of the optical recording medium of Comparative Example 4 at a 
high content of 1 0 atomic %, the crystallization speed is slow, specifically the recording layer has a tow re-crystallization 
speed of 12 m/s. Therefore, when erasure is performed at a speed of 17.5 m/s, an amorphous region remains in the 
recording layer, resulting in deterioration of the repeated recording property. 

[0142] Since Ge is not included in the recording layer of the optical recording medium of Comparative Example 5, 

the recording medium has poor presen/ability. 

[0143] Thus, since the optical recording media of Examples 15 to 22 have a crystallization temperature of from 160 
°C to 210 ^'C when measured at a temperature rising speed of 10 **C/min, initialization can be easily performed and in 
addition the resultant optical recording media have a good preservation property. 



Effects of the present invention 



40 



so 



55 



[01 44] According to the information recording method of the present invention, by controlling each of the pulse width 
of the last heating pulse and last cooling pulse so as to fall in a specific range, marks having clear rear edges can be 
recorded even at a high recording speed, thereby preventing increase of jitter of reproduction signals. 
[0145] In addition, by controlling each of the pulse widths of the rear heating pulses and first heating pulse so as to 
fall in a specific range when marks having a mark length of from 6T to 14T, a problem in that the central portion of the 
record marks having a mark length of from 6T to 14T narrows can be prevented, and in addition the front edge of the 
marks is clear even at a high recording speed, thereby preventing increase of jitter of reproduction signals. 
[0146] By further controlling each of the pulse widths of the first heating pulse and last cooling pulse so as to fall in 
a specific range when marks having a mark length of 3T are recorded, the resultant marks with a mark length of 3T 
have a clear front edge and a clear rear edge even at a high recording speed, thereby preventing increase of jitter of 
reproduction signals. 

[0147] By further controlling each of the pulse widths of the flrsl heating pulse, last heating pulse and last cooling 
pulse so as to fall in a specific range when marks having a mark length of 4T are recorded, the resultant marks with a 
mark length of 4T have a clear front edge and a clear rear edge even at a high recording speed, thereby preventing 
increase of jitter of reproduction signals. 

[01 48] In addition, by further controlling each of the pulse widths of the first heating pulse, last boating pulse and last 
cooling pulse so as to fall in a specific range when marks having a mark length of 5T are recorded, the resultant marks 
with a mark length of 5T have a clear front edge and a clear rear edge even at a high recording speed, thereby preventing 
increase of jitter of reproduction signals. 
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[0149] Further, when the ratio (Pe/Pw) of the erasing power (Pe) to the recording power (Pw) is from 0.4 to 0.7, the 
resultant marks have clear edges, thereby preventing increase of jitter of production signals even after repeated use. 
[0150] When the recording layer of the optical recording medium used has a specific formula, infomiation can be 
repeatedly recorded in a melt-erase mode even at a high recording speed, thereby preventing Increase of jitter of 
5 reproduction signals. 

[0151] In addition, when the upper-limit of re-crystallization linear speed of the recording layer is in a specific range, 
information can be well-recorded therein even at a high recording speed of from 14 to 17.5 nri/s, i.e., a speed 4 to 5 
times the reproduction speed for DVD-ROMs. 

[0152] When the recording layer has a specific crystallization temperature, the recording medium can be easily inl- 
10 tialized and has good preservation stability. 

[0153] This document claims priority and contains subject matter related to Japanese Patent Application No. 
2002-021361 . filed on January 30. 2002. 



15 Claims 

1. An optical recording medium comprising: 
a substrate: 

a recording layer located overlying the substrate, wherein the recording layer has a formula of 
GeaGapSbyrelOO-a-p-x wherein a is a number of from 1 to 5 in units of atomic percent, p is a number of 
from 1 to 5 in units of atomic percent, and y is a number of from 70 to 81 in units of atomic percent; and 
a reflection layer located overlying the recording layer 

25 2. The optical recording medium according to Claim 1 , wherein the recording layer has an upper limit recrystallization 
linear speed of from 14 m/s to 20 m/s. 

3. The optical recording medium according to Claim 1 or 2, wherein the recording layer has a crystallization temper- 
ature of from 160 to 210 **C when being heated at a heating speed of 10 *»C/min. 

4. An information recording method comprising: 



30 



irradiating a phase-change recording layer of an optical recording medium with either a multi-pulse laser light 
train having a recording power of Pw or laser light having an erasing power Pe to allow the phase-change 
recording layer to reversibly achieve a crystal state and an amorphous state, thereby recording a mark having 
a mark length nT in the recording layer, wherein n is an integer of from 3 to 14 and T represents a clock cycle, 

wherein the multi-pulse laser light train has a constitution such that a heating pulse and a cooling pulse are 
alternated, wherein the number of heating pulses and the number of cooling pulses each increases by one when 
n increases by two^ and wherein when n is from 6 to 14, a last heating pulse (Br) has a pulse width of from 0.5T 
to 0.9T and a last cooling pulse (Cr) has a pulse width of from 0.7T to 1 .5T 

5. The information recording method according to Claim 4, wherein when n Is from 6 to 14, a first heating pulse (A) 
has a pulse width of from 0.7T to 1 .3T and a rear heating pulse (B, B1 , B2, B3, 84, B5). which is located between 
the first heating pulse (A) and the last heating pulse (Br), has a pulse width of from 0.8T to 1 .4T. 

6. The infonmation recording method according to Claim 4 or 5, wherein when n is 3, the first heating pulse (A) has 
a width of from 0.8T to 1 .4T and the last cooling pulse (Cr) has a width of from 1 .IT to 1 .9T. 

50 7. The information recording method according to any one of Claims 4 to 7, wherein when n is 4, the first heating 
pulse (A) has a width of from 0.6T to 1 .4T, the last heating pulse (Br) has a width of from 0.1T to 0.8T and the last 
cooling pulse (Cr) has a width of from 0.8T to 1 .7T. 



55 



The information recording method according to any one of Claims 4 to 7. wherein when n is 5, the first heating 
pulse (A) has a width of from 0.5T to 1 .6T, the last heating pulse (Br) has a width of from 0.6T to 1 .2T and the last 
cooling pulse (Cr) has a width of from 0.7T to 1 .6T. 

The information recording method according to any one of Claims 4 to 8, wherein a ratio (Pe/Pw) of the erase 
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power (Pe) to the record power (Pw) is from 0.4 to 0.7. 

10. The information recording method according to any one of Claims 4 to 9, wherein the optical recording medium is 
an optical recording medium according lo any one of Claims 1 to 3. 

5 



10 



15 



20 



25 



30 



35 
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FIG. 4 



(J/Tw [%] 



18 
16 
14 
12 
10 
8 
6 
4 
2 
0 



0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1 

Br 



FIG. 5 



CT/Tw [%] 



18 
16 
14 
12 
10 
8 
6 
4 
2 



A 



0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 

Cr 



FIG. 6 



C7/TwE%] 



18 
16 
14 
12 
10 
8 
6 
4 
2 
0 



I .1 



0.6 0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 
B1~B5 



SDOCID: <EP 133535eAl J_> 



20 



EP 1 335 356 A1 



FIG. 7 
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FIG. 10 
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FIG. 13 
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FIG. 16 
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